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THE EFFECT OF AGE ON MITOSIS IN THE HUMAN EPIDERMIS*
J. M. THuRIrcGm, M.D.t AND A. A. KATZBERG,1 PH.D.
The epidermis is the oldest definitive deriva-
tive of the primitive embryonic germ layer, the
ectoderm. From this humble origin to parturi-
tion it undergoes many morphological elabora-
tions and modifications to become a multilayered
epithelium. Then as the individual passes from
birth to old age, the epidermis undergoes further
differentiations and modifications which adjust it
morphologically to meet its requirements as a pro-
tective covering of the external body surface in
environmental extremes. Throughout the aging
process many generations of epidermal cells con-
tinually pass through the phases of mitosis, dif-
ferentiation, maturation, senescence, death, cor-
nification, and desquamation. As the processes of
growth, maturation, and senescence make vary-
ing demands on the body as a whole, similar de-
mands are placed on the epidermis in the various
periods of life while it continues its functions.
As the most external layer of cells of the epi-
dermis is under continuous exposure to the en-
vironment and is farthest removed from the body
mechanisms responsible for its nutriment and re-
moval of waste products of the metabolic proc-
esses, it becomes evident that the cells eventually
reach a stage where they can no longer maintain
themselves nor retain their association with their
fellow cells and so lose their adhesive quality, be-
come separated, and are reduced to flakes which
are desquamated from the body surface.
The cost of this continuous process of cellular
exhaustion, decline, and death at the upper sur-
face must be balanced by an equal intensive re-
placement of cellular units by the surviving cells
with whatever materials are available and what-
ever capacities they may retain. It may be specu-
lated that these intrinsic capacities become in-
creasingly limited with the aging of the
individual. However, while these decline, the
process of cellular replacement is maintained by
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the deeper cells which are closer to the circulatory
system of the body and which have retained most
of the capacity to undergo mitotic division.
Mitosis of the normal epidermis may thus be
recognized as the mechanism upon which the
other functional processes of the epithelium de-
pend. In the normal uninjured epidermis, cell
turnover may be defined as cell formation bal-
anced by cell loss. While it appears to be an in-
herent property rather than one of repair, many
factors such as hormones, nutrition, and others
may influence this process. It has been indicated
in studies by Cooper, Thuringer, and Katzberg
(1) that with increase in age the rate of loss and
regeneration of epidermal cells is accelerated.
A number of reviews have appeared in the lit-
erature of recent years which deal with the re-
generation of the human epidermis and touching
upon the part which mitosis plays in its main-
tenance (2, 3, 4, 5, 6).
The first studies on the mitotic process of the
human epidermis which involved actual cell
counts were made by Thuringer (7, 8) and were
done on specimens obtained from the scalp, leg,
ear, and prepuce. Other data on the human epi-
dermal mitotic index has been reported by Cooper
(9) and Broders and Dublin (10) on the prepuce
of young children; Andrew and Andrew (11) for
the antecubital region. Some data for the abdomi-
nal region has been presented by Thuringer and
Cooper (12), Cooper, Thuringer, and Katzberg
(1), Thuringer and Katzberg (13), and Katzberg
(14). Pinkus (15) presented data for the flexor
region of the forearm. Hoffman (16) attempted a
quantitative analysis of the growth of the epider-
mis. Scheving (17), in studies on diurnal effects
on cell division in human epidermis, reported two
peaks in mitotic activity, one between midnight
and 3:00A.M., which was 200% greater than the
rest of the cycle, and a lesser one between 2:00
P.M. and 7:00 P.M. which was 100% greater
than the remainder of the cycle. Divisions oc-
curred in nests in the lower stratum spinosum and
the stratum basale.
In the studies reported in this paper, data will
be presented on the frequency and the distribu-
tion of mitosis in the epidermis of abdominal skin
obtained from individuals of all ages.
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TABLE II
Arithmetic means
Group Average Agein Years
Mitoses per
100,000 cells
Mitotic
Index
Basal Layer Spinous Layer
Mitoses %
Deepest Middle 4
—
Outer l
—
Mitoses %Mitoses % Mitoses %
0—20
21—40
41—SO
61—80
7.7
33.0
49.0
70.0
24.5
36.8
49.7
48.9
0.245
0.368
0.497
0.489
7.2
15.4
22.8
24.4
31.6
40.9
48.9
51.5
12.2
16.4
21.8
20.5
46.4
45.9
41.1
41.6
4.5
4.5
4.6
3.2
18.6
10.6
9.2
6.7
0.6
0.5
0.5
0.8
3.2
1.8
0.7
0.1
METHODS
Fresh specimens of human skin of the abdomi-
nal region were obtained at surgical operations
which had been scheduled in the morning hours
and were obtained with the consent of the pa-
tients or, in cases of children, their parents, and
were fixed immediately in Bouin's solution. Rou-
tine serial H. and E. preparations were made. The
ages represented were from 1 month to 77 years.
Counts of the number of mitotic figures found in
100,000 epidermal cells were made. The mitotic
figures were classified according to their location
in the basal or spinous layer. The mitoses of the
spinous layer were reclassified as to whether they
appeared in the deep, middle, or outer thirds of
that layer. Percentage values were calculated for
the distribution in each case and averages were
established for the groups 0—20, 21—40, 41—60,
61—80 years. No separate classification as to sex
or race was made.
The arithmetic mean for each group as well as
the mitotic index was calculated.
A total of 54 cases was studied; of these 22
were male and 32 female. Only one specimen from
a colored patient was obtained. Surgery had been
performed on these subjects for the following var-
ious conditions: hernia, cholecystectomy, hyster-
ectomy, appendectomy, resections, abdominal ob-
struction, prostatectomy, and other ailments.
OBSERVATIONS
Table I shows the mitotic distribution for each
individual case. Table II shows the arithmetic
mean for each of the groups as well as their respec-
tive mitotic indices.
The mitotic index increased from the first group
whose average age was 7.7 years to the third
group whose average age was 49.0 years. There
appears to be a leveling off effect after 49 years.
o MITOTIC INDEX
Fm. 1. Graph illustrating the percentage dis-
tribution of rnitoses in the various age groups as
well as their comparative mitotic indices.
The drop by 1.5 mitoses in the fourth group from
the third group is perhaps too small to indicate a
sustained downward trend.
A definite increase with age in the proportion of
mitoses is observed in the basal layer. While a
slight decline is noted for the deepest third of the
spinous layer, the decrease again is so limited that
it may not be significant.
A much more significant and sustained loss of
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mitotic capacity is seen in the middle and outer
thirds of the spinous layer, the middle third drop-
ping to one-third its activity and the outer third
to near zero.
DISCUSSION
Perhaps the principal weakness in this study is
the limited number of cases upon which the ob-
servations were made. The establishment of a
standard of control in such a study becomes an
almost insurmountable obstacle. For example,
while the diurnal effects were controlled to a cer-
tain degree in that all specimens were obtained at
surgery scheduled during the morning hours, the
spread of time here was still sufficiently great to
reduce the possible uniformity expected in the
diurnal effect. A great many factors should also
be considered, among these are sex and racial
origin of the individual, his occupation, his nutri-
tional condition, as well as his personal habits of
sanitation, the state of health, and perhaps even
seasonal factors. However, it soon becomes evi-
dent that such an extensive classification would
lead to an almost immediate breakdown of any
investigation, as the samplings of cases would be
reduced to such small numbers as to offer rela-
tively little statistical significance. Therefore it
was necessary to classify all specimens as to age
only and disregard their individual deviations
from the ideal norm of extrinsic uniformity. Be-
cause of this the spread in each of the groups is
quite broad.
However, regardless of the liberal manner of
grouping employed, the overall trend becomes
apparent once the arithmetic mean has been cal-
culated. Definite changes in the mitotic pattern
are indicated. The mitotic index increased from
0.245 to 0.482. The function of rnitosis gradually
declined in the spinous layer, particularly the
outer two-thirds, and this responsibility was then
assumed by the basal cell layer.
This stepped-up mitotic activity, particularly
in the basal cell layer of senile skin, becomes quite
pertinent when we consider the fact that carcino-
mas occur more frequently in the skin of older in-
dividuals and that, as Schrek and Gates (18) re-
port, a correlation must exist. In spite of the fact
that the senile epidermis is atrophic from the
standpoint of thickness and volume, it has a high
mitotic index. Because of this relatively high rate
of cell division, Cooper (2) believes that it has
better potentialities for increased hyperplasia
than the young epidermis.
Roskelley, Mayer, Horwitt, and Salter (19) re-
ported enzyme deficiencies in cancers of human
skin which included cytochrome-oxidase system,
succinoxidase activity, and aerobic glycolysis.
Walter and Amersbach (20) showed that there
was a decline in the respiratory rate of human skin
with age. Lewis (21) reported that rapidly grow-
ing tissues as embryonic and cancer are more acid
than normal tissue.
Joseph, Molimard, and Bourliere (22) in a
physico-chemical study on titration curves of
human skin found that the pH of the isoelectric
point increased with age and there were decreases
in the acid binding capacity and that these were
related to the senescent diminution of keratin
formation.
If one is permitted to make a correlation from
these studies, one would conclude that during
mitoses cells require less oxygen and have a lower
pH, and this accounts in part for some of the dif-
ferences which are evident between normal tissue
and their rapidly growing counterparts such as
the highly mitotic tissues of embryos, cancers,
or in this study the senescent epidermis.
The leveling off effect during the last three dec-
ades may be indicative of hormonal decline.
As the epidermal cells migrate outward they
become flattened, desiccated, and decrease in
volume. Thus the outer third of the spinous layer
would contain more cells than the middle third.
If separate counts of all cells had been made for
each of the deep, middle, and outer thirds of the
spinous layer and if the mitotic index had been
calculated for each, the mitotic activity would
probably appear to be even less than that ob-
served merely by making mitotic counts of the
measured outer third.
The deep third of the spinous layer displays the
greatest degree of mitotic stability when we com-
pare the proportionate percentages of the four
epidermal strata studied. The increment in the
percentage of mitoses of the basal layers of the
four age groups approximates the decrement in
the mitotic activity of the outer two-thirds of the
spinous layer. The greatest rate of decrement is
observed in the outer third of the spinous layer.
This inhibition of the intrinsic capacity for these
cells to enter the mitotic process may be indica-
tive of acceleration of senescence in the outer
layer of the epidermis and a decrease in the life
span of the individual cells.
SUMMARY
Mitotic counts were made on the epidermis of
54 specimens of abdominal human skin from in-
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dividuals who varied in age from 2 days to 77
years. The distribution of mitoses was noted for
the basal layer and the deep, middle, and outer
thirds of the spinous layer. The mitotic index in-
creased from birth through about the fifth decade
and then remained relatively stationary. The mi-
totic activity of the basal layer showed a sus-
tained increase from birth to old age while that
of the spinous layer showed a decrease. The per-
centage of mitoses in the deep third of the spinous
layer showed the greatest stability, the middle
third showed a decrease of approximately 65%
for the first two decades to the 8th decade, while
the outer third became almost totally inactive.
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